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(57)Abstract: 

PURPOSE: To enhance eastimating accuracy of an 
exhaust gas reflux rate, and correct a fuel injection 



quantity or the ignition timing with high accuracy by 
finding wasteful time until exhaust gas flows in a 
combustion chamber by passing through an exhaust 
gas reflux valve, and calculating an exhaust gas 
reflux rate from an operating condition and a valve 
actuating condition. 

CONSTITUTION: When an engine is operated, an 




ECU 5 searches a lift command value and a basic «-ms3 — 

exhaust gas reflux rate correction factor by respective *~4: 'EES^B\.^ 

separate maps from engine rotating speed NE and 
intake air pressure PBA. Next, an exhaust gas reflux 
valve 19 is closed, and when the lift command value 

is not a lower limit value or less, the pressure ratio of the intake air pressure PBA to 
atmospheric pressure PA is found, and an EGR gas quantity A is found from its pressure 
ratio and the lift command value. An EGR gas quantity B is found from actual lift and the 
pressure ratio, and a reflux rate is estimated from an expression of (a reflux rate = a 
steady time reflux rate * B/A) with every operation period. A fuel injection correction factor 
is determined by selecting a past estimate corresponding to wasteful time until exhaust 
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gas enters a combustion ^^nber by passing through the exhaus^^ reflux valve 19. 
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* NOTICES * 




JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the internal combustion engine which comes to have the exhaust gas reflux path which 
connects an internal combustion engine's flueway and inhalation-of-air path, and flows back to said 
inhalation-of-air path in a part of exhaust gas [ at least ], and the exhaust air reflux valve which open 
and close this exhaust gas reflux path a. An operational status detection means to detect the 
operational status of said internal combustion engine which contains an engine rotational frequency 
and an engine load at least for every predetermined detection period, b. An exhaust air reflux valve- 
action condition detection means to detect the operating state of said exhaust air reflux valve for said 
every predetermined detection period, c. A dead time until said exhaust gas passes an exhaust air 
reflux valve and flows into a combustion chamber is found. The detection period front which is 
equivalent to this dead time from the detected operational status and the operating state of an exhaust 
air reflux valve, A rate calculation means of exhaust air reflux to compute the rate of reflux of the 
exhaust gas which passes said exhaust air reflux valve and flows into a combustion chamber, And 
rate presumption equipment of exhaust air reflux of the internal combustion engine characterized by 
having a rate decision means of exhaust air reflux to consider that the computed rate of exhaust air 
reflux this [ d. ] is the rate of reflux of the exhaust gas which flows into said internal combustion 
engine's combustion chamber. 

[Claim 2] said rate calculation means of exhaust air reflux — e. — a rate decision means of basic 
exhaust air reflux to determine the rate of basic exhaust air reflux from an engine rotational 
frequency and an engine load at least ~ f. The 1st presumed means which presumes the amount of 
exhaust gas which passes said exhaust air reflux valve according to the opening area detection value 
of said exhaust air reflux valve based on the flow characteristics of said exhaust air reflux valve, g. 
The 2nd presumed means which presumes the amount of exhaust gas which passes said exhaust air 
reflux valve according to the opening area command value of said exhaust air reflux valve based on 
the flow characteristics of said exhaust air reflux valve, And it asks for the ratio of the amount of 
exhaust gas presumed with the h. above 1st and the 2nd presumed means, a calculation means to 
compute the rate of reflux of the exhaust gas which amends said rate of basic exhaust air reflux 
according to this ****** ratio, and flows into said internal combustion engine's combustion chamber 
— since — the rate presumption equipment of exhaust air reflux of the internal combustion engine 
given in claim 1 term characterized by becoming. 

[Claim 3] Claim 1 term characterized by finding said dead time according to said internal 
combustion engine's operational status, or rate presumption equipment of exhaust air reflux of an 
internal combustion engine given in dyadic. 

[Claim 4] Said rate decision means of exhaust air reflux is rate presumption equipment of exhaust air 
reflux of an internal combustion engine given in either claim 1 term characterized by having a 
correction factor calculation means to ask for the correction factor which amends the fuel oil 
consumption which should be supplied to said internal combustion engine's combustion chamber 
according to said rate of exhaust air reflux thru/or the 3rd term. 

[Claim 5] Said rate decision means of exhaust air reflux is rate presumption equipment of exhaust air 
reflux of an internal combustion engine given in either claim 1 term characterized by having a 
correction factor calculation means to ask for the correction factor which amends said internal 
combustion engine's ignition timing according to said rate of exhaust air reflux thru/or the 4th term. 
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[Claim 6] Said rate decisior^^pis of exhaust air reflux is equipped with^^storage means of the 
rate of exhaust air reflux ancf^Prection factor which synchronized with ^^^redetermined detection 
period and which are beforehand computed for every operation period which carries out the 
sequential storage of either at least. Rate presumption equipment of exhaust air reflux of an internal 
combustion engine given in either claim 1 term characterized by the thing of said rate of exhaust air 
reflux memorized by this storage means according to said dead time, and said correction factor for 
which either is chosen at least thru/or the 5th term. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] More specifically, this invention relates to the rate presumption equipment 
of exhaust air reflux of the internal combustion engine which presumed the rate of reflux of the 
exhaust gas which flows into an engine combustion chamber with a simply and sufficient precision 
about an internal combustion engine's rate presumption equipment of exhaust air reflux. In addition, 
"the rate of exhaust air reflux" means the volume ratio or weight ratio of exhaust gas / inhalation air 
here. 
[0002] 

[Description of the Prior Art] While preparing the exhaust air reflux path which connects an internal 
combustion engine's flueway and inhalation-of-air path and making a part of exhaust gas flow back 
to said inhalation-of-air path An exhaust air reflux valve is prepared there and the amount of reflux is 
controlled, and in the exhaust air reflux control which aims at reduction of NOx, and improvement in 
fuel consumption, in order to perform exhaust air reflux control with a sufficient precision, it is 
necessary to presume correctly the rate of reflux (henceforth "the rate of net reflux") thru/or the 
amount of exhaust air reflux of exhaust gas which actually flows into a combustion chamber. 
Moreover, since the amount of exhaust air reflux serves as disturbance when controlling an internal 
combustion engine's air- fuel ratio or fuel oil consumption, it needs to presume the rate of exhaust air 
reflux thru/or the amount of exhaust air reflux with a sufficient precision also in the semantics. 
[0003] So, the technique of presuming a partial pressure, total pressure, etc. of the reflux gas of an 
inhalation-of-air path and air from the inflow to the inhalation-of-air path of reflux gas, and 
computing the inflow air content to a gas column is shown in JP,4-31 1643, A. However, by the 
technique, in order to ask for the partial pressure of reflux gas, it is necessary to ask for not only the 
inflow to the inhalation-of-air path of reflux gas but an intake-air temperature, or the chamber 
volume correctly, and complicated count is needed. First of all, it is very difficult for there to be also 
dynamic delay of reflux gas and to calculate correctly the inflow to the inhalation-of-air path of 
reflux gas. 
[0004] 

[Problem(s) to be Solved by the Invention] Therefore, it is in the purpose of this invention canceling 
the fault which the conventional technique described above, and complicated count and an indefinite 
operational element are reduced as much as possible, and though it is a simple configuration, it is in 
offering the rate presumption equipment of exhaust air reflux of the internal combustion engine 
which asked for the rate of reflux of the exhaust gas which flows into a combustion chamber with a 
sufficient precision. 

[0005] Furthermore, the exhaust gas which flows into a combustion chamber serves as disturbance, 
when controlling fuel oil consumption so that an air- fuel ratio serves as desired value. 
[0006] Therefore, the 2nd purpose of this invention reduces complicated count and an indefinite 
operational element as much as possible, and though it is a simple configuration, it is to offer the rate 
presumption equipment of exhaust air reflux of the internal combustion engine which amended fuel 
oil consumption correctly in quest of the rate of reflux of the exhaust gas which flows into a 
combustion chamber with a sufficient precision. 

[0007] Furthermore, since the exhaust gas which flows into a combustion chamber reduces the 
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ignitionability of gaseous mj^fee, it serves as disturbance also in ignitio^^^ing control. 
[0008] Therefore, the 3rd puq^e of this invention reduces complicated Wmt and an indefinite 
operational element as much as possible, and though it is a simple configuration, it is to offer the rate 
presumption equipment of exhaust air reflux of the internal combustion engine which amended 
ignition timing correctly in quest of the rate of reflux of the exhaust gas which flows into a 
combustion chamber with a sufficient precision. 
[0009] 

[Means for Solving the Problem] The exhaust gas reflux path which this invention is claim 1 term, 
and connects an internal combustion engine's flueway and inhalation-of-air path, and flows back to 
said inhalation-of-air path in a part of exhaust gas [ at least ] in order to attain the 1st purpose, In the 
internal combustion engine which comes to have the exhaust air reflux valve which opens and closes 
this exhaust gas reflux path An operational status detection means to detect the operational status of 
said internal combustion engine which contains an engine rotational frequency and an engine load at 
least for every predetermined detection period, An exhaust air reflux valve-action condition 
detection means to detect the operating state of said exhaust air reflux valve for said every 
predetermined detection period, A dead time until said exhaust gas passes an exhaust air reflux valve 
and flows into a combustion chamber is found. The detection period front which is equivalent to this 
dead time from the detected operational status and the operating state of an exhaust air reflux valve, 
It constituted so that it might have a rate calculation means of exhaust air reflux to compute the rate 
of reflux of the exhaust gas which passes said exhaust air reflux valve and flows into a combustion 
chamber, and a rate decision means of exhaust air reflux to consider that the computed this rate of 
exhaust air reflux is the rate of reflux of the exhaust gas which flows into said internal combustion 
engine's combustion chamber. 

[0010] In claim 2 term more specifically said rate calculation means of exhaust air reflux A rate 
decision means of basic exhaust air reflux to determine the rate of basic exhaust air reflux from an 
engine rotational frequency and an engine load at least, The 1st presumed means which presumes the 
amount of exhaust gas which passes said exhaust air reflux valve according to the opening area 
detection value of said exhaust air reflux valve based on the flow characteristics of said exhaust air 
reflux valve, The 2nd presumed means which presumes the amount of exhaust gas which passes said 
exhaust air reflux valve according to the opening area command value of said exhaust air reflux 
valve based on the flow characteristics of said exhaust air reflux valve, and a calculation means to 
compute the rate of reflux of the exhaust gas which asks for the ratio of the amount of exhaust gas 
presumed with the said 1st and 2nd presumed means, amends said rate of basic exhaust air reflux 
according to this ****** ratio, and flows into said internal combustion engine's combustion chamber 
— since — it constituted so that it might become. 

[001 1] In claim 3 term, more specifically, it constituted so that said dead time might be found 
according to said internal combustion engine's operational status. 

[0012] In order to attain the 2nd purpose, in claim 4 term, said rate decision means of exhaust air 
reflux was constituted so that it might have a correction factor calculation means to ask for the 
correction factor which amends the fuel oil consumption which should be supplied to said internal 
combustion engine's combustion chamber according to said rate of exhaust air reflux. 
[0013] In order to attain the 3rd purpose, in claim 5 term, said rate decision means of exhaust air 
reflux was constituted so that it might have a correction factor calculation means to ask for the 
correction factor which amends said internal combustion engine's ignition timing according to said 
rate of exhaust air reflux. 

[0014] In order to attain the 1st thru/or the 3rd purpose, it sets in claim 6 term. More specifically 
Said rate decision means of exhaust air reflux is equipped with the storage means of the rate of 
exhaust air reflux and correction factor which synchronized with said predetermined detection period 
and which are beforehand computed for every operation period which carries out the sequential 
storage of either at least. Even if there were few said rates of exhaust air reflux memorized by this 
storage means according to said dead time and said correction factors, it constituted so that either 
might be chosen. 
[0015] 

[Function] A dead time if it is in claim 1 term, until exhaust gas passes an exhaust air reflux valve 
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ch is equivalent to this 
haust air reflux valve, 



A rate calculation means of exhaust air reflux to compute the rate of reflux of the exhaust gas which 
passes said exhaust air reflux valve and flows into a combustion chamber, And since it constituted so 
that it might have a rate decision means of exhaust air reflux to consider that the computed this rate 
of exhaust air reflux is the rate of reflux of the exhaust gas which flows into said internal combustion 
engine's combustion chamber Complicated count and an indefinite operational element can be 
reduced as much as possible, and though it is a simple configuration, it can ask for the rate of reflux 
of the exhaust gas which flows into a combustion chamber with a sufficient precision. Here, a dead 
time may be made adjustable according to operational status, or is good also as a fixed value 
according to an engine's structure. 

[0016] In claim 2 term said rate calculation means of exhaust air reflux Determine the rate of basic 
exhaust air reflux from an engine rotational frequency and an engine load, and it is based on the flow 
characteristics of said exhaust air reflux valve. The amount of exhaust gas which passes said exhaust 
air reflux valve according to the opening area detection value and command value of said exhaust air 
reflux valve is presumed, respectively. Since it constituted so that the rate of reflux of the exhaust 
gas which amends the rate of basic exhaust air reflux from those ratios, and flows into said internal 
combustion engine's combustion chamber might be computed Since the behavior of exhaust air 
reflux gas will be grasped from the flow characteristics of an exhaust air reflux valve if it puts in 
another way, complicated count and an indefinite operational element can be reduced as much as 
possible, and though it is a simple configuration, the rate of exhaust air reflux of the net actually 
inhaled in a combustion chamber can be presumed with a sufficient precision. 
[0017] Since it constituted so that said dead time might be found according to said internal 
combustion engine's operational status if it was in claim 3 term, it can ask for the rate of reflux of the 
exhaust gas which flows into a combustion chamber much more exactly. 
[0018] Since it constituted so that it might ask for the correction factor which amends fuel oil 
consumption according to said rate of exhaust air reflux if it was in claim 4 term, complicated count 
and an indefinite operational element can be reduced as much as possible, though it is a simple 
configuration, the rate of exhaust air reflux of the net actually inhaled in a combustion chamber can 
be presumed with a sufficient precision, and fuel oil consumption can be amended proper based on 
it. 

[0019] Since it constituted so that it might ask for the correction factor which amends ignition timing 
according to said rate of exhaust air reflux if it was in claim 5 term, complicated count and an 
indefinite operational element can be reduced as much as possible, though it is a simple 
configuration, the rate of exhaust air reflux of the net actually inhaled in a combustion chamber can 
be presumed with a sufficient precision, and ignition timing can be amended proper based on it. 
[0020] If it is in claim 6 term, it can ask for the rate of exhaust air reflux beforehand computed for 
every operation period, said rate of exhaust air reflux of a correction factor which carried out the 
sequential storage of either at least, and was memorized by this storage means according to said dead 
time and the rate of reflux of the exhaust gas of said correction factor which flows into a combustion 
chamber since it constituted so that either might be chosen at least, or a fuel-injection correction 
factor more simply. In addition, it chooses according to a dead time, and based on the selected value, 
the rate of exhaust air reflux or a fuel-injection correction factor is begun, and you may make it 
memorize the rate of exhaust air reflux, or the operational status detection value required for 
calculation of a correction factor, and ask. 
[0021] 

[Example] Hereafter, it is based on an accompanying drawing and the example of this invention is 
explained. 

[0022] Drawing 1 is the whole block diagram showing the rate presumption equipment of exhaust air 
reflux of the internal combustion engine concerning this invention. An internal combustion engine is 
an internal combustion engine of a 4-cylinder, and a throttle valve 3 is formed in the middle of the 
inlet pipe (inhalation-of-air path) 2 of the engine body 1. The throttle location sensor (thetaTH 
shows) 4 which detects throttle location thetaTH is connected with a throttle valve 3, and an output is 
supplied to an electronic control unit (henceforth "ECU") 5. 
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[0023] ECU5 operates the iti^^kignal wave from the throttle location se^^4 and the below- 
mentioned sensor group ortH^Rdically, corrects a voltage level to predetSmned level, and consists 
of storage means 5c which memorizes various operation programs, the result of an operation, etc. 
which are performed by input circuit 5a which has the function of changing an analog signal into a 
digital signal value, CPU5b, and CPU5b, 5d of output circuits etc., etc. 

[0024] a fuel injection valve 6 — between the engine body 1 and throttle valves 3 — and it is prepared 
in the upstream of the suction port (not shown) of a combustion chamber (not shown) for every gas 
column. A fuel injection valve 6 is electrically connected to ECU5 while connecting with a fuel 
pump (not shown). On the other hand, while the absolute-pressure sensor (PBA shows) 7 which 
detects the pressure PBA of inhalation of air with absolute pressure is formed in the lower stream of 
a river of a throttle valve 3, the intake temperature sensor (TA shows) 8 which detects an intake-air 
temperature TA is formed in the lower stream of a river. The output of these sensors is also sent out 
to ECU5. 

[0025] Moreover, while the coolant temperature sensor (TW shows) 9 which detects the engine 
cooling water temperature TW is formed in the engine body 1, the crank angle sensor (CRK shows) 
10 which detects CRK whenever [ including a TDC location / predetermined crank angle ], and the 
gas column distinction sensor (CYL shows) 1 1 which detects CYL whenever [ predetermined crank 
angle / of a specific gas column ] are formed in a crankshaft or a cam shaft (not shown [ both ]). The 
output of these sensors is also sent out to ECUS, the crank angle sensor output CRK is counted 
through a counter (not shown), and the engine rotational frequency NE is detected. 
[0026] Moreover, the catalytic converter 14 is arranged at the exhaust pipe (flueway) 13 of the 
engine body 1, and HC in exhaust gas, CO, an NOx component, etc. are purified. The upstream of a 
catalytic converter 14 is equipped with the broader-based air-fuel ratio sensor (LAF shows) 15 which 
detects the oxygen density in exhaust gas in the large range covering Lean since rich considering 
theoretical air fuel ratio as a core, and an output is supplied to ECU5. 
[0027] Furthermore, while the atmospheric pressure sensor (PA shows) 16 which detects 
atmospheric pressure PA is formed near the engine body 1, the wall-temperature sensor (TC shows) 
17 which detects the wall temperature TC is formed in the wall surface of the inlet pipe 2 near a 
suction port. The output of these sensors is also supplied to ECU5. 
[0028] Next, the exhaust air reflux device 25 is explained. 

[0029] The exhaust air reflux path 25 is equipped with the exhaust air reflux path 18 which connects 
an exhaust pipe 13 to an inlet pipe 2 (sign 18a shows the opening edge of an inhalation-of-air 
tubeside). In the middle of the exhaust air reflux path 18, the exhaust air reflux valve (EGR valve) 19 
is formed. The exhaust air reflux valve 19 is a negative pressure corresponding movement type, and 
consists of valve element 19a arranged mainly so that a path 18 can be opened and closed, 
diaphragm 19b which operates with the negative pressure which is connected with valve element 19a 
and introduced through the below-mentioned solenoid valve 22, and spring 19c which energizes 
diaphragm 19b in the direction of clausilium. 

[0030] The free passage way 20 is connected to negative pressure room 19d formed by diaphragm 
19b, and it is constituted so that the negative pressure in an inlet pipe 2 may be introduced through 
the normally closed mold solenoid valve 22 formed in the middle of this free passage way 20. 
Atmospheric-air room 19e is open for free passage to atmospheric air. furthermore, the atmospheric- 
air free passage way 23 is connected to the free passage way 20 on the lower stream of a river of a 
solenoid valve 22, and it is this free passage way 23 - on the way - the orifice 21 boiled and 
prepared - minding - atmospheric pressure - the free passage way 20 - subsequently - said 
negative pressure room - it is constituted so that it may be introduced into 19d. 
[0031] It connects with ECU5, and said solenoid valve 22 operates with the driving signal from 
ECUS, and controls lift actuation (valve-opening actuation) of valve element 19a of the exhaust air 
reflux valve 19, and its rate. The lift sensor 24 is formed in the exhaust air reflux valve 19, the travel 
(the amount of lifts) of valve element 19a is detected, and an output is sent out to ECU5. Moreover, 
ECU5 computes fuel oil consumption, and ignition timing is computed and it lights the gaseous 
mixture of an engine combustion chamber through the ignition means which is not illustrated while 
it controls the fuel oil consumption which should be supplied to an engine combustion chamber 
through the valve-opening time amount of said fuel injection valve 6. 
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[0032] Here, ECU5 presum^^p rate of exhaust air reflux, and amends d^fc>il consumption or 
ignition timing based on estMffe so that it may state below. 

[0033] Drawing 2 is a flow chart explaining presumed actuation of the rate of exhaust air reflux. 
[0034] Before going into this description of drawing, the algorithm of the presumed actuation which 
relates to this invention below with reference to drawing 3 is explained. 

[0035] If the capacity which passes an exhaust air reflux valve is seen as a valve simple substance, it 
will be determined by the opening area of a valve and the pressure ratio before and behind a valve, 
i.e., flow characteristics, (design item). That is, it is thought that it asks from the ratio of the opening 
area of lifts of a valve, i.e., the amount, and the vertical fluid pressure force of a valve. 
[0036] as the system be show in drawing 3 , it be think by ask for the ratio of the amount of lifts of a 
valve , and the atmospheric pressure PA which act through said atmospheric air free passage way 23 
and MAP PBA of an inlet pipe 2 that until presumption of reflux capacity be to some extent possible 
( although flow characteristics change with exhaust gas pressure or exhaust-gas temperatures a little 
in fact , it be think that change of the property be absorbable to remarkable extent by use a capacity 
rate like the after-mentioned ) . 

[0037] Then, paying attention to this point, it asked for the rate of reflux based on flow 
characteristics first. In addition, although opening area is calculated from the amount of lifts, this is 
because the amount of lifts used the valve of the structure corresponding to opening area. Therefore, 
when using the thing of another structures, such as a linear solenoid, it will ask for opening area from 
another parameter. 

[0038] By the way, although there are a rate of reflux at the time of a stationary and a rate of reflux 
of a transient as rate of reflux, it is the value of the condition that the rate of reflux at the time of a 
stationary has a lift command value equal to a real lift, and as it is indicated in drawing 4 as the rate 
of reflux of a transient, a lift command value is a value of the condition which is not equal to a real 
lift. And with the algorithm concerning this invention, I thought that the difference in a transient was 
produced when the rate of reflux shifted from the rate of reflux at the time of a stationary by the 
capacity rate corresponding to it as shown in drawing 3 . 

[0039] Specifically by the time of a stationary, it is a lift command value = real lift and capacity rate 
=1 [0040] of reflux, i.e., the rate at the time of a rate of reflux = stationary. In a transient, it becomes 
a lift command value != real lift and capacity rate !=1, i.e., the rate of reflux (map search values) x 
capacity rate at the time of a rate of reflux = stationary. 

[0041] Thus, I thought that the rate of net reflux which flows into a combustion chamber was called 
for by multiplying the rate of reflux at the time of a stationary by the rate of the amount of ring main. 
If a formula shows, it will become as the following. 

Rate of net reflux =(rate of reflux at time of stationary) x(capacity QACT which can be found from 
pressure ratio before and behind real lift and valve)/(capacity QCMD which can be found from a lift 
command value and the pressure ratio before and behind a valve) 

[0042] Here, the rate of reflux at the time of a stationary asks for the rate correction factor of reflux, 

and asks for it by subtracting it from 1. That is, when the rate correction factor of reflux at the time 

of a stationary is called KEGRMAP, it is rate [ at the time of a stationary ] of reflux = (1- 

KEGRMAP). 

It comes out and asks. 

[0043] In addition, on these specifications, the rate of reflux at the time of a stationary thru/or the 
rate correction factor of reflux at the time of a stationary are also called the rate of basic exhaust air 
reflux thru/or the rate correction factor of basic exhaust air reflux. Moreover, the rate correction 
factor KEGRMAP of reflux at the time of a stationary was set up as a map, as it asked in an 
experiment beforehand from the engine rotational frequency NE and MAP PBA and was shown in 
drawing 5 , searches it and asked for it. 

[0044] By the way, in exhaust air reflux control, although carried out by determining the lift 
command value of an exhaust air reflux valve from an engine rotational frequency, an engine load, 
etc., as shown in drawing 4 , a real lift (lift detection value) has delay to a command value. 
Furthermore, there is delay also in reflux gas flowing into a combustion chamber according to the 
valve-opening actuation. 

[0045] Then, the inside of the amount of the reflux gas by which these people passed the exhaust air 
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reflux valve in JP,5-1 18239^^-eviously, The rate that the amount whicl^^ved into the control 
cycle in the combustion cha^Rr occupies is made into the rate of direct.^B! model which describes 
the behavior of reflux gas which passes before it, is piling up in the space part to a combustion 
chamber, has away the rate that the amount which flowed into the combustion chamber occupies in 
the control cycle, and is made into a rate was stood, and the technique of presuming the rate of net 
reflux based on it was proposed. 

[0046] However, it became clear that it tends to express the behavior of reflux gas that the reflux gas 
which passed the exhaust air reflux valve as a result of considering the behavior of reflux gas further 
considers that flows into a combustion chamber at once after a certain dead time passes. Then, while 
computing the rate of net reflux described above for every predetermined period and storing in the 
storage means, it was made to regard it as the rate of reflux of the exhaust gas which flowed into the 
combustion chamber truly with the calculation value of the period of the past equivalent to a dead 
time. 

[0047] Hereafter, actuation of the equipment concerning an example is explained according to the 
drawing 2 flow chart. In addition, the program shown in this flow chart is started in each TDC 
location. 

[0048] The engine rotational frequency NE, MAP PBA, atmospheric pressure PA, the real lift LACT 
(output of the lift sensor 24), etc. are first read by S10, it progresses to SI 2, and the lift command 
value LCMD is searched from the engine rotational frequency NE and MAP PBA. The lift command 
value LCMD searches and asks for **** shown in drawing 6 , and the map which defined and set up 
the property beforehand here. 

[0049] Then, the map shown in drawing 5 which progressed to S14 and was described above from 
the engine rotational frequency NE and MAP PBA is searched, and the rate correction factor 
KEGRMAP of basic exhaust air reflux is searched. 

[0050] Subsequently, the lift command value LCMD which checked that checked that the real lift 
LACT which progressed to S16 and was detected is not zero, namely, the exhaust air reflux valve 19 
was opening, progressed to SI 8, and was searched is compared with the predetermined lower limit 
LCMDLL (minute value). 

[0051] the time of it being judged that search values are not below lower limits in SI 8 -- S20 — 
progressing - there -- the ratio of MAP PBA and atmospheric pressure PA PBA/PA is calculated, 
from it and the searched lift command value LCMD, what map-ized the property shown in drawing 3 
(not shown) is searched, and capacity QCMD is calculated. This is "capacity which can be found 
from a lift command value and the pressure ratio before and behind a valve" told to a previous 
formula. 

[0052] then, the same ratio as the real lift LACT which progressed to S22 and was detected » what 
map-ized the property similarly shown in drawing 3 from PBA/PA (not shown) is searched, and 
capacity QACT is calculated. This is equivalent to "the capacity which can be found from the 
pressure ratio before and behind a real lift and a valve" said with a previous formula. 
[0053] Then, let the value which subtracted and obtained from 1 the rate correction factor 
KEGRMAP of basic exhaust air reflux which progressed to S24 and was searched be a rate of 
stationary reflux (the rate of basic exhaust air reflux thru/or rate of reflux at the time of a stationary). 
Here, like the above, the rate of reflux at the time of exhaust air reflux actuation being stable, i.e., 
exhaust air reflux actuation, is started, or the rate of reflux at the time of a stationary means the rate 
of reflux when being in the transitional conditions at the time of being stopped etc. 
[0054] S26 [ then, ] - progressing ~ like illustration - the rate of stationary reflux - the ratio of 
values QACT and QCMD - it multiplies by QACT/QCMD and asks for the rate of net reflux. 
[0055] Then, it progresses to S28 and the fuel-injection correction factor KEGRN is calculated. 
Drawing 7 is a subroutine flow chart which shows the activity. 

[0056] If it explains according to this drawing, in SI 00, the rate of net reflux (that for which it asked 
by S26 of drawing 2 ) will be subtracted from 1, and let the value be the fuel-injection correction 
factor KEGRN. 

[0057] Then, the fuel-injection correction factor KEGRN which progressed to SI 02 and was 
computed is stored in a ring buffer (storage). Drawing 8 is the explanatory view showing the 
configuration of the ring buffer, and is prepared in storage means 5c of above mentioned ECU5. 
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[0058] A ring buffer has th^jfadresses like illustration, the number fro^^feo n is attached and each 
address is specified. And w^Kver the fuel-injection correction factor KB^RN is computed by the 
drawing 2 (and drawing 7 ) flow chart being started by TDC, in drawing, sequential storing 
(updating) is carried out from the upper part. 

[0059] Then, a map is searched from the engine rotational frequency NE which progressed to SI 04 
and was detected, and the engine load PBA, for example, a MAP, and a dead time tau is searched. 
Drawing 9 is the explanatory view showing the property. 

[0060] That is, although the above mentioned dead time shows a time delay until the reflux gas 
which passed the exhaust air reflux valve flows into a combustion chamber, it changes according to 
an engine rotational frequency and an engine load, for example, a MAP etc. Here, a dead time tau is 
described above and is more specifically shown by the buffer number. 

[0061] Then, based on the dead time tau (specifically buffer number) which progressed to SI 06 and 
was searched, the calculation value (fuel-injection correction factor KEGRN) stored in the 
corresponding address is read. That is, as shown in drawing 10 , when the present time is A, the 
calculation value of 12 times ago is chosen, and let it be this fuel-injection correction factor KEGRN. 

[0062] If this is seen from actuation of an exhaust air reflux valve, the fuel-injection correction factor 
KEGRN of 12 times ago is 1 .0, and that means that the exhaust air reflux valve was closed, after that 
-- the fuel-injection correction factor KEGRN - for example, 0. ~ it judges that reflux gas is not yet 
flowing into a combustion chamber at the current time in the case of the example of illustration 
although the exhaust air reflux valve could open when becoming gradually as small as 99, 0.98, etc. 
and putting in another way, and it has resulted in A at the current time, therefore is made not to 
perform reduction amendment in fuel injection. 

[0063] Fuel oil consumption is amended based on the fuel-injection correction factor KEGRN 
determined as coincidence. Although amendment of this fuel oil consumption is performed by 
multiplying the basic fuel oil consumption Tim calculated from the engine rotational frequency and 
the engine load by the correction factor KEGRN, and calculating the output fuel oil consumption 
Tout, since this very thing is well-known, it stops to explanation of this level. 

[0064] If it returns to the drawing 2 flow chart, when the real lift LACT is judged to be zero by SI 6, 
in addition, exhaust air reflux is not performed, but since the fuel-injection correction factor KEGRN 
is determined from the value after a dead time tau passes, it computes the rate of net reflux, and the 
fuel-injection correction factor KEGRN by progressing after S24. In this case, by S26, the rate of net 
reflux is determined as 0, and the fuel-injection correction factor KEGRN is determined as 1.0 S100 
of R> drawing 7 7 flow chart. 

[0065] Moreover, when the lift command value LCMD is judged to be below the lower limit 
LCMDLL by SI 8, it progresses to S32, and as for the lift command value LCMD, last value 
LCMDn-1 is held as it is (giving n to a value by this flow chart this time omitted for simplification). 
[0066] Since delay is in the dynamic characteristics of the exhaust air reflux valve 19 even if the lift 
command value LCMD becomes zero when this shifts to the field which is not performed from the 
field which performs exhaust air reflux, Since the real lift LACT did not become zero immediately, 
when the lift command value LCMD was below the lower limit (threshold) LCMDLL, it held the lift 
command value LCMD to last value LCMDn-1 (at the time [ Last time ] of a control cycle value at 
the time of n-1). Last time [ this ], a value hold is performed until it is checked that the real lift 
LACT has become zero by S 1 6. 

[0067] Moreover, when the lift command value LCMD is below the lower limit LCMDLL, the lift 
command value LCMD may be zero, and in that case, the QCMD search values of S20 also serve as 
zero, and a zero rate arises by the operation of S26, and it becomes operation impossible. However, 
there is no possibility that calculating may become impossible, by holding a value last time like the 
above. In addition, zero are sufficient although the lower limit LCMDLL considered as the minute 
value. 

[0068] Then, it progresses to S34 and they are the map search values (it refers to SI 4) of the rate 
correction factor KEGRMAP of basic exhaust air reflux Last search-values KEGRMAPn-1 It 
replaces. This is because it is set as 1, so there is a possibility that the rate of stationary reflux may be 
set to 0 in the operation of S24, in the property which the rate correction factor KEGRMAP of basic 
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iple. 



is searched with 



[0069] This example computes the rate of net reflux of the exhaust gas which passes said exhaust air 
reflux valve from the engine rotational frequency detected like the above and an engine load, for 
example, a MAP, and the operating state of an exhaust air reflux valve, and flows into a combustion 
chamber for every operation period. While carrying out sequential calculation and memorizing the 
fuel-injection correction factor for every operation period based on it Since a dead time until exhaust 
gas passes an exhaust air reflux valve and flows into a combustion chamber is found, the calculation 
value of the operation period equivalent to a dead time is chosen and it considered that it was a fuel- 
injection correction factor in a current operation period Complicated count and an indefinite 
operational element can be reduced as much as possible, and though it is a simple configuration, in 
quest of the rate of reflux of the exhaust gas which flows into a combustion chamber with a 
sufficient precision, fuel oil consumption can be amended with a sufficient precision. 
[0070] Furthermore, since the rate of reflux of a transient and the deflection of that at the time of a 
stationary presumed the rate of net reflux which flows into an engine combustion chamber paying 
attention to being a capacity rate paying attention to the flow characteristics of an exhaust air reflux 
valve, though it is a simple configuration, the behavior of exhaust gas can be grasped correctly. 
Moreover, since the capacity rate is used, the effect of the exhaust-gas temperature and exhaust gas 
pressure to capacity can be absorbed to remarkable extent, and presumed precision improves also in 
the semantics. 

[0071] Drawing 1 1 is a flow chart similar to drawing 7 R> 7 which shows the 2nd example of this 
invention. 

[0072] If a focus is set and explained to the point which is different from the 1st example, in S200, 
the rate of net reflux computed by S26 of the drawing 2 flow chart is stored in a ring buffer. And a 
dead time tau is searched with S202, and the rate of net reflux (this is called "the true rate of reflux M ) 
which corresponds by S204 is read, and the fuel-injection correction factor KEGRN is computed, 
and fuel oil consumption is amended by S206. 

[0073] Thus, the engine rotational frequency and engine load with which the 2nd example was 
detected, For example, while computing and memorizing the rate of net reflux of the exhaust gas 
which passes said exhaust air reflux valve from a MAP and the operating state of an exhaust air 
reflux valve, and flows into a combustion chamber for every operation period Since a dead time until 
exhaust gas passes an exhaust air reflux valve and flows into a combustion chamber is found, the 
calculation value of the operation period equivalent to a dead time is chosen and it considered that it 
was the rate of exhaust air reflux which flows into a combustion chamber truly a current operation 
period Complicated count and an indefinite operational element can be reduced as much as possible, 
and though it is a simple configuration, it can ask for the rate of reflux of the exhaust gas which 
flows into a combustion chamber with a sufficient precision. 

[0074] Drawing 12 is a flow chart similar to drawing 7 which shows the 3rd example of this 
invention. 

[0075] If a focus is set and explained to the point which is different from the 1st example, it will 
progress to S304 through S300 thru/or S302, and the fuel-injection correction factor KEGRN which 
searches a ring buffer and is used from a predetermined dead time (for example, tau= 12) this time 
will be searched. That is, if the point which is the value which the dead time fixed is removed, a 
residual configuration and effectiveness are not different from the 1st example. Here, although a 
dead time serves as a different value for every engine with the distance to an exhaust air reflux valve 
and a combustion chamber etc., it shall ask through an experiment beforehand. 
[0076] In addition, in the 3rd example, it cannot be overemphasized instead of the fuel-injection 
correction factor KEGRN like the 2nd example that the rate of net reflux may be stored in a ring 
buffer. 

[0077] Drawing 13 is the flow chart which shows the 4th example of this invention, and is a flow 
chart which shows the calculation activity of fundamental-points fire stage thetaMAP. 
[0078] Hereafter, if it explains, first, from the engine rotational frequency NE and MAP PBA current 
by S400, thetaMAP map for the time of exhaust gas un-flowing back will be searched, and it will ask 
for the fundamental-points fire stage at the time of exhaust gas un-flowing back (henceforth 
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"thetaMAPO"), and subseqi^fcy to S402 it progresses, and thetaMAP njAbr the time of exhaust 
gas reflux will be searched ^^the same parameter, and it will ask for tSPKndamental-points fire 
stage at the time of exhaust gas reflux (henceforth "thetaMAPT"). The property of thetaMAP map 
described above to drawing 14 is shown. 

[0079] Subsequently, it progresses to S404 and fundamental-points fire stage thetaMAP is computed 
from the formula of illustration. According to the formula of illustration, since it is set to fuel- 
injection correction factor KEGRN=1 at the time of exhaust gas un- flowing back, fundamental- 
points fire stage thetaMAP serves as fundamental-points fire stage thetaMAPO at the time of un- 
flowing back. On the other hand, in the condition that the fuel-injection correction factor KEGRN 
and the fuel-injection correction factor KEGRMAP at the time of a stationary are in agreement, 
fundamental-points fire stage thetaMAP serves as fundamental-points fire stage thetaMAPT at the 
time of reflux, moreover, the fuel-injection correction factor KEGRN in the condition of not being in 
agreement with the fuel-injection correction factor KEGRMAP at the time of a stationary 
Fundamental-points fire stage thetaMAP serves as a value which carried out linear interpolation of 
between fundamental-points fire stage thetaMAPO at the time of un-flowing back, and fundamental- 
points fire stage thetaMAPT(s) at the time of reflux according to both ratio (even if behavior as 
actual fundamental-points fire stage thetaMAP shows with a broken line is shown at this time, since 
the difference with a straight line is minute, it is convenient). 

[0080] Here, the fuel-injection correction factor KEGRN uses the value calculated in consideration 
of the dead time stated in the 1st example shown in drawing 7 , the 2nd example shown in drawing 
H , or the 3rd example shown in drawing 12 . Especially when based on the 2nd example shown in 
drawing 1 1 , the rate of net reflux may be buffered instead of (1 -KEGRN), enabling free retrieval. 
[0081] Furthermore, what is necessary is to make the fuel-injection correction factor KEGRMAP at 
the time of a stationary correspond to what buffers the fuel-injection correction factor KEGRN and 
the rate of net reflux in the 1st example shown in drawing 7 , the 2nd example shown in drawing 1 1 , 
or the 3rd example shown in drawing 12 , and just to make coincidence buffer it. Furthermore, when 
based on the 1st example shown in drawing 7 , or the 3rd example shown in drawing 12 , it is clear 
that you may buffer like the fuel-injection correction factor KEGRN in quest of the value of / (1- 
KEGRMAP) beforehand ( 1 -KEGRN). 

[0082] Moreover, when the value of / (1 -KEGRMAP) exceeds 1.0 in that case (1 -KEGRN), it 
restricts to 1.0 and it is necessary to make it the ignition timing of calculation value thetaMAP not 
exceed fundamental-points fire stage thetaMAPT at the time of reflux in the direction of a tooth lead 
angle, although the fuel-injection correction factor KEGRMAP at the time of a stationary may use 
the current value more simply calculated by the drawing 2 flow chart of the 1 st example. 
[0083] Since the fundamental-points fire stage was determined using the fuel-injection correction 
factor KEGRN computed like the above according to the inflow delay of an exhaust air reflux valve 
and reflux gas in the 4th example, also when exhaust air reflux actuation is performed, it can control 
correctly to the value of a request of ignition timing. After this fundamental-points fire stage 
performs amendment by water temperature, an intake-air temperature, etc., it is outputted. In 
addition, although the fundamental-points fire stage was directly determined using the fuel-injection 
correction factor KEGRN etc. in the above, the fundamental-points fire stage determined separately 
may be amended using the fuel-injection correction factor KEGRN etc. 

[0084] In addition, although the rate of exhaust air reflux or the fuel-injection correction factor is 
memorized and it was made to choose according to a dead time, it chooses according to a dead time, 
and parameters, such as an engine rotational frequency required to compute the rate of exhaust air 
reflux or a fuel-injection correction factor, are memorized, and you may make it compute in the 
above by beginning the rate of exhaust air reflux, or a fuel-injection correction factor based on the 
selected value. 

[0085] Furthermore, in the above, although atmospheric pressure was used by S10, S20, S22, etc. of 
drawing 2 , it may replace with it and exhaust gas pressure may be used. 

[0086] Furthermore, in the above, although values LCMD, KEGRMAP, and QCMD and QACT 
were set up as a map value, you may ask by the operation each time. 

[0087] Furthermore, in the above, although the thing of a negative pressure type was used as an 
exhaust air reflux valve, you may be an electric type. 
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[0088] Furthermore, althou^^p MAP was used as a parameter which sl^fe an engine load, an 

inhalation air content, throttl^^ening, etc. may be used. 

[0089] 

[Effect of the Invention] If it is in claim 1 term, complicated count and an indefinite operational 
element can be reduced as much as possible, and though it is a simple configuration, it can ask for 
the rate of reflux of the exhaust gas which flows into a combustion chamber with a sufficient 
precision. 

[0090] If it was in claim 2 term, since it was made to grasp the behavior of exhaust air reflux gas 
from the flow characteristics of an exhaust air reflux valve, complicated count and an indefinite 
operational element can be reduced as much as possible, and though it is a simple configuration, the 
rate of exhaust air reflux of the net actually inhaled in a combustion chamber can be presumed with a 
sufficient precision. 

[0091] Since it constituted so that said dead time might be found according to said internal 
combustion engine's operational status if it was in claim 3 term, it can ask for the rate of reflux of the 
exhaust gas which flows into a combustion chamber much more exactly. 
[0092] If it is in claim 4 term, complicated count and an indefinite operational element can be 
reduced as much as possible, though it is a simple configuration, the rate of exhaust air reflux of the 
net actually inhaled in a combustion chamber can be presumed with a sufficient precision, and fuel 
oil consumption can be amended proper based on it. 

[0093] If it is in claim 5 term, complicated count and an indefinite operational element can be 
reduced as much as possible, though it is a simple configuration, the rate of exhaust air reflux of the 
net actually inhaled in a combustion chamber can be presumed with a sufficient precision, and 
ignition timing can be amended proper based on it. 

[0094] If it is in claim 6 term, it can ask for the rate of reflux or fuel-injection correction factor of 
exhaust gas which flows into a combustion chamber more simply. 

[Translation done.] 
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1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 
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3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram, showing the rate presumption equipment of exhaust air reflux of 
the internal combustion engine concerning this invention on the whole. 

[Drawing 2] It is the flow chart which shows actuation of the rate presumption equipment of exhaust 
air reflux of drawing 1 . 

[Drawing 3] It is the explanatory view showing the basic algorithm of rate presumption of exhaust 
air reflux concerning this invention, and is the explanatory view showing the property of capacity 
over the amount of lifts of the rate of exhaust air reflux used for the operation of the drawing 2 flow 
chart. 

[Drawing 4 ] It is the explanatory view showing the delay of the real lift to the lift command value of 
an exhaust air reflux valve, and reflux gas. 

[Drawing 5] It is the explanatory view showing the map property of the rate correction factor of 
exhaust air reflux at the time of the stationary used for the operation of the drawing 2 flow chart (rate 
correction factor of basic exhaust air reflux). 

[Drawing 6] It is the explanatory view showing the map property of the lift command value used for 
the operation of the drawin g 2 flow chart. 

[Drawing 7] It is the subroutine flow chart which shows the calculation activity of the fuel-injection 
correction factor of the drawing 2 flow chart. 

[Drawing 8 ] It is the explanatory view showing the configuration of the ring buffer used by the 
activity of the drawing 7 flow chart. 

[Drawin g 9] It is the explanatory view showing the map property of the dead time tau used by the 
activity of the drawing 7 flow chart. 

[Drawing 10] It is a timing chart explaining the activity of the drawing 7 flow chart. 
[Drawing 11] It is the flow chart similar to drawing 7 which shows the 2nd example of this 
invention. 

[Drawing 12] It is the flow chart similar to drawing 7 which shows the 3rd example of this invention. 

[Drawing 13 ] It is the flow chart which shows the 4th example of this invention. 

[Drawing 14] It is the explanatory view showing the property of thetaMAP map used by the activity 

of the drawing 14 flow chart. 

[Description of Notations] 

1 Internal Combustion Engine Body 

2 Inlet Pipe 

5 Electronic Control Unit (ECU) 
7 Absolute-Pressure Sensor 
10 Crank Angle Sensor 
16 Atmospheric Pressure Sensor 

18 Exhaust Air Reflux Path 

19 Exhaust Air Reflux Valve 
25 Exhaust Air Reflux Device 
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